round-bottom flask equipped with a stir bar was charged with motor 5 (25 mg, 0.055 mmol), iodine (28 mg, 0.11 mmol) and imidazole (7.5 mg, 0.11 mmol) at 0°C. PPh 3 (28.8 mg, 0.11 mmol) was added slowly at 0°C and the mixture was stirred at room temperature for 30min. Saturated solutions of sodium thiosulfate (10 mL) and sodium bicarbonate (10 mL) were added to the reaction mixture. The organic phase was separated and the aqueous phase was extracted with methylene chloride. The combined organic layers were washed with brine, dried over MgSO4, and then concentrated in vacuo. The resulting concentrate was purified by flash column chromatography and the resulting iodide product 6 was used for the next step due to its instability.
To a stirred solution of compound 6 in dry acetonitrile (4 mL) at room temperature, PPh 3 (56 mg, 0.22 mmol) was added, and then the mixture was allowed to stir under reflux for 48 h. After TLC analysis indicated the consumption of the starting material, the solvent was subsequently removed under reduced pressure, and the residue was purified by flash chromatography to afford compound 3 as a white solid (19.5 mg, 43% for two steps). 1 H, 13 C, DEPT-135 13 C, 1 H-13 C HSQC, and 31 P spectra were acquired in order to make the assignments below for 3.
In the HSQC spectrum, the separation in Hz in the 13 C dimension for the contours with the same 1 H chemical shift is the n J CP coupling and enables a specific pair of 13 C methylene signals in the 1D 13 C spectra to be confidently assigned as a n J CP doublet. [3] [4] [5] This frequency separation in the 13 C dimension is large enough for the 1 J CP and 3 J CP couplings for two sets of contours to be readily evident ( Figure S2) for each of the isomers of 3. In contrast, the much smaller 2 J CP couplings result in two contours that severely overlap for each isomer (Figure S2 ) because the FID digital resolution in the 13 C dimension, although very high (0.0215 ppm = 2.71 Hz), is not high enough to resolve the two contours. Thus, for the indicated C≡C-CH 2 CH 2 CH 2 -P methylene group, one isomer gives a contour centered at δ H 2.01 / δ C 22.27, and the other isomer gives a contour centered at δ H 1.73 / δ C 21.91. Additional support that the correct pairs of signals have been identified (below) for the various doublets resulting from 13 C-31 P coupling comes from the 13 C satellites in the 31 P spectrum (Figure S3) , which exhibit the same n J CP values (within experimental error) as in the 13 C spectrum and negative, one-bond 13 C vs. 12 C isotope effects on the 31 P chemical shift that are clearly larger (in an absolute sense) than the longer range 13 C vs. 12 C isotope effects on the 31 P chemical shift. The 13 C satellites are most easily detected for the ortho and meta carbons of the phenyl groups (6-fold equivalence with 3 equivalent phenyl groups). The 13 C satellites for the substituted carbons of the phenyl groups are reduced in intensity by about a factor of two (3-fold symmetry with 3 equivalent phenyl groups). The 13 C satellites for the P-CH 2 CH 2 CH 2 groups are the weakest: no symmetry and the signals are also broader.
The 13 C chemical shifts and n J CP values for the phenyl groups in the two isomers of 3 are very similar to those reported previously for n-propyl(triphenyl)phosphonium and n-butyl(triphenyl)phosphonium salts. 6 The 1 J CP value for the P-CH 2 group in these salts (49.6 and 50.3 Hz) 6 is also very similar to the corresponding 1 J CP value for the two isomers of 3 (below). Indeed, these salts and both isomers of 3 exhibit very similar values for the 1 J CP , 2 J CP , and 3 J CP coupling constants for the CH 2 groups. In all cases, 1 J CP >> 3 J CP >> 2 J CP for the CH 2 groups.
In the HSQC spectrum, the separation in Hz in the 1 H dimension between the centers of the contours separated by n J CP in the 13 C dimension is n+1 J HP . 3 (other isomer) with associated coupling constants and isotope effects for the phenyl group: 1 J CP ≈ 86.2 Hz (two satellites overlap), 1 ΔP( 13/12 C) ≈ -0.007 ppm; 2 J CP = 10.0
Hz, 2 ΔP( 13/12 C) < 0.001 ppm; 3 J CP = 12.6 Hz, 3 ΔP( 13/12 C) < 0.001 ppm; 4 J CP obscured by other signals; associated coupling constants and isotope effects for the P-CH 2 CH 2 CH 2 group: for P-CH 2 : 1 J CP = 52.0 Hz, 1 ΔP( 13/12 C) = -0.0072 ppm; for P-CH 2 CH 2 : 2 J CP obscured by other signals; for P-CH 2 CH 2 CH 2 : 3 J CP = 18.0 Hz, 3 ΔP( 13/12 C) ≈ 0.001 ppm.
Assigning 1 H, 13 C, and 31 P chemical shifts to specific sites in a specific isomer will require additional 2D NMR experiments, which are planned. 1 
